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POST-PLANARIZATION UV CURING OF
STRESS INDUCING LAYERS IN
REPLACEMENT GATE TRANSISTOR
FABRICATION

BACKGROUND

The present invention relates generally to semiconductor
device manufacturing and, more particularly, to methods and
structures for preserving tensile stress benefits of ultraviolet
(UV) curing in replacement gate transistor fabrication.

Field effect transistors (FETs) are widely used in the elec-
tronics industry for switching, amplification, filtering, and
other tasks related to both analog and digital electrical sig-
nals. Most common among these are metal-oxide-semicon-
ductor field effect transistors (IMOSFET or MOS), 1n which a
gate structure 1s energized to create an electric field 1n an
underlying channel region of a semiconductor body, by which
clectrons are allowed to travel through the channel between a
source region and a drain region of the semiconductor body.
Complementary MOS (CMOS) devices have become widely
used in the semiconductor industry, wherein both n-type and
p-type (NFET and PFET) FETs are used to fabricate logic and
other circuitry.

The source and drain regions of an FET are typically
tormed by adding dopants to targeted regions of a semicon-
ductor body on either side of the channel. A gate structure 1s
formed above the channel, which includes a gate dielectric
located over the channel and a gate conductor above the gate
dielectric. The gate dielectric 1s an msulator material, which
prevents large leakage currents from flowing into the channel
when a voltage 1s applied to the gate conductor, while allow-
ing the applied gate voltage to set up a transverse electric field
in the channel region 1n a controllable manner. Conventional
MOS transistors typically include a gate dielectric formed by
depositing or by growing silicon dioxide (510,) or silicon
oxynitride (S10N) over a silicon water surface, with doped
polysilicon formed over the S10, to act as the gate conductor.

Continuing trends 1n semiconductor device manufacturing,
include reduction 1n electrical device feature sizes (1.€., scal-
ing), as well as improvements in device performance 1n terms
of device switching speed and power consumption. MOS
transistor performance may be improved by reducing the
distance between the source and the drain regions under the
gate conductor of the device, known as the gate or channel
length, and by reducing the thickness of the layer of gate
dielectric that 1s formed over the semiconductor surface.
However, there are electrical and physical limitations on the
extent to which the thickness of S10,, gate dielectrics can be
reduced. For example, thin S10, gate dielectrics are prone to
gate tunneling leakage currents resulting from direct tunnel-
ing of electrons through the thin gate dielectric.

Accordingly, recent MOS and CMOS transistor scaling
ciforts have focused on high-k dielectric materials having
dielectric constants greater than that of S10, (e.g., greater
than about 3.9). High-k dielectric materials can be formed in
a thicker layer than scaled S10,, and yet still produce equiva-
lent field effect performance. The relative electrical pertor-
mance of such high-k dielectric matenals 1s often expressed
in terms equivalent oxide thickness (EOT), since the high-k
material layer may be thicker, while still providing the
equivalent electrical etffect of a much thinner layer of S10,.
Because the dielectric constant “k™ 1s higher than silicon
dioxide, a thicker high-k dielectric layer can be employed to
mitigate tunneling leakage currents, while still achueving the
equivalent electrical performance of a thinner layer of ther-
mally grown S10,,.
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2
SUMMARY

In one aspect, a method of forming a semiconductor struc-
ture includes forming a stress inducing layer over one or more
partially completed field efiect transistor (FET) devices dis-
posed over a substrate, the one or more partially completed
FET devices including sacrificial dummy gate structures; pla-
narizing the stress inducing layer and removing the sacrificial
dummy gate structures; and following the planarizing the
stress 1nducing layer and removing the sacrificial dummy
gate structures, performing an ultraviolet (UV) cure of the
stress inducing layer so as to enhance a value of an 1nitial
applied stress by the stress inducing layer on channel regions
of the one or more partially completed FET devices.

In another aspect, a method of forming a semiconductor
structure 1ncludes forming a tensile nitride layer over one or
more partially completed n-type field effect transistor
(NFET) devices disposed over a substrate, the one or more
partially completed NFET devices including polysilicon sac-
rificial dummy gate structures; planarizing the tensile nitride
layer and removing the polysilicon sacrificial dummy gate
structures; filling trenches defined by the removing of the
polysilicon sacrificial dummy gate structures with one or
more metal gate layers; planarizing the one or more metal
gate layers; and performing an ultraviolet (UV) cure of the
tensile nitride layer so as to enhance a value of an nitial
applied stress by the tensile nitride layer on channel regions of
the one or more partially completed NFET devices.

In st1ll another aspect, a method of forming a semiconduc-
tor structure includes forming a tensile mitride layer over one
or more partially completed n-type field effect transistor
(NFET) devices disposed over a substrate, the one or more
partially completed NFET devices including polysilicon sac-
rificial dummy gate structures; planarizing the tensile nitride
layer and removing the polysilicon sacrificial dummy gate
structures; performing an ultraviolet (UV) cure of the tensile
nitride layer so as to enhance a value of an 1mitial applied
stress by the tensile nitride layer on channel regions of the one
or more partially completed NFET devices; following the UV
cure, filling trenches defined by the removing of the polysili-
con sacrificial dummy gate structures with one or more metal
gate layers; and planarizing the one or more metal gate layers.

In still another aspect, a semiconductor structure includes a
plurality of n-type field efiect transistor (NFE'T) devices dis-
posed over a substrate; an ultraviolet (UV) cured tensile
nitride layer formed over the substrate and between gate
structures of the NFE'T devices, with portions of the UV cured
tensile nitride layer having a trapezoidal profile with a bottom
end thereol wider than a top end thereof; and the gate struc-
tures of the NFET devices also having a trapezoidal profile
with a top end thereol wider than a bottom end thereof.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Referring to the exemplary drawings wherein like elements
are numbered alike 1n the several Figures:

FIGS. 1 through 5 are cross sectional views illustrating a
process flow for replacement metal gate transistor formation
with ultraviolet (UV) curing of a stress layer, in which:

FIG. 1 illustrates the formation of a silicon nitride stress
layer over a plurality of partially completed NFET devices;

FIG. 2 1llustrates UV curing of the stress layer of FIG. 1,
thereby increasing the tensile stress applied by the stress
layer;
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FIG. 3 1llustrates planarizing of the stress layer of FIG. 2
and removal of dummy gate structures of the NFET devices,

which reduces the tensile stress applied by the stress layer;

FIG. 4 1llustrates the formation of metal gate matenal
within trenches resulting from the dummy gate removal in
FIG. 3;

FIG. S 1llustrates planarization of the metal gate material of
FIG. 4;

FIGS. 6 through 10 are cross sectional views illustrating a
process tlow for replacement metal gate transistor formation
with UV curing of a stress layer in accordance with an exem-
plary embodiment, 1n which:

FIG. 6 illustrates the formation of a silicon mitride stress
layer over a plurality of partially completed NFET devices;

FI1G. 7 illustrates planarizing of the stress layer of FIG. 6
and removal of dummy gate structures of the NFET devices;

FIG. 8 illustrates the formation of metal gate matenal
within trenches resulting from the dummy gate removal in
FIG. 7;

FI1G. 9 1llustrates planarization of the metal gate material of
FIG. 8;

FIG. 10 1llustrates UV curing of the stress layer of FIG. 9,
thereby increasing the tensile stress applied by the stress
layer;

FIGS. 11 through 15 are cross sectional views 1llustrating a
process flow for replacement metal gate transistor formation
with UV curing of a stress layer 1n accordance with another
exemplary embodiment, in which:

FI1G. 11 1illustrates the formation of a silicon nitride stress
layer over a plurality of partially completed NFET devices;

FI1G. 12 illustrates planarizing of the stress layer of FIG. 11
and removal of dummy gate structures of the NFET devices;

FI1G. 13 1llustrates UV curing of the stress layer of FI1G. 12
prior to metal gate filling, thereby increasing the tensile stress
applied by the stress layer;

FIG. 14 1llustrates the formation of metal gate matenal
within trenches of the structure in FIG. 13; and

FIG. 15 1llustrates planarization of the metal gate material

of FIG. 14.

DETAILED DESCRIPTION

With respect to high-k metal gate (HKMG) technology, the
two main approaches for mtroducing a metal gate into the
standard CMOS process flow are a “gate first” process or a
“gate last” process. The latter 1s also referred to as a “replace-
ment gate” or replacement metal gate (RMG) process. In a
gate first process, high-k dielectric and metal processing is
completed prior to polysilicon gate deposition. The metal
gate material 1s subtractively etched along with the polysili-
con gate material prior to source and drain formation.

The RMG process architecture, on the other hand, avoids
the problems of workifunction material stability seen 1n the
gate first architecture. Here, a dummy gate structure 1s used to
self-align the source and drain implant and anneals, followed
by stripping out the dummy gate materials and replacing them
with the high-k and metal gate materials. Although this pro-
cess 1s more complex than the gate first technique, advantages
of a replacement gate flow 1include the use of separate PMOS
and NMOS metals for work function optimization. In addi-
tion, the two metals are not exposed to high temperatures,
simplifying material selection. Further, the polysilicon gate
removal can actually be used to enhance strain techniques,
thereby increasing drive currents. The RMG process 1s cur-
rently the front-up approach for 22 nanometer (nm) CMOS
technology due to the aforementioned workfunction con-
straints.
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As 1s known 1 the art, the formation of stress liners (e.g.,
compressive liners for PFET devices and tensile liners for
NFET devices) over FETs enhances the mobility of the
majority carriers 1n a transistor channel. In the case of NFET
devices, an exemplary stress liner matenal 1s silicon nitride
(S1N), which provides a tensile stress on an NFET channel 1n
the range of about 1.6 gigapascals (GPa). One techmque that
may be used in conjunction with silicon nitride tensile liner
formation 1s the application of ultraviolet (UV) curing, such
as produced by a laser light, for example. UV curing of a
tensile stressed nitride film may enhance the tensile stress in
the mitride film by reconfiguring silicon-hydrogen (S1—H)/
nitrogen-hydrogen (N—H) bonds present 1n the mitride film.
UV curing of nitride 1s performed by exposing the nitride to
UV radiation, which has a wavelength 1n a range from about
10 nanometers (nm) to about 400 nm. The enhanced stress 1n
the nitride film induces a corresponding enhanced stress 1n a
channel of the FET over which the UV cured nitride film 1s
located, increasing the carrier mobility in the FET channel.

Typically, the mitride layer deposition and UV curing pro-
cess are combined together such that the nitride layer 1s cured
prior to planarization thereof. However, in the case of a RMG
process flow, the added benefit provided by UV curing may be
reduced or neutralized altogether as a result of the chemical
mechanical polishing (CMP) and dummy gate removal pro-
cesses associated with RMG techniques. The uniaxial stress
relaxation along the channel direction negates the benefits
brought by the UV curing. By way of illustration, FIGS. 1
through 5 are cross sectional views 1llustrating a process tlow
for replacement metal gate transistor formation with ultravio-
let (UV) curing of a stress layer.

As shown 1n FIG. 1, a semiconductor structure 100
includes a semiconductor substrate 102 having shallow
trench 1solation (ST1) structures 104 formed therein. The
semiconductor substrate 102 includes a semiconductor mate-
rial, which may be selected from, but 1s not limited to, silicon,
germanium, silicon-germanium alloy, silicon carbon alloy,
silicon-germanium-carbon alloy, gallium arsenide, indium
arsenide, indium phosphide, 11I-V compound semiconductor
matenals, II-VI compound semiconductor materials, organic
semiconductor materials, and other compound semiconduc-
tor materials. Where the semiconductor material of the semi-
conductor substrate 102 1s a single crystalline silicon-con-
taining semiconductor material, the single crystalline silicon-
containing semiconductor material may be selected from
single crystalline silicon, a single crystalline silicon carbon
alloy, a single crystalline silicon germanium alloy, and a

single crystalline silicon germanium carbon alloy.

In CMOS devices, the semiconductor material of the semi-
conductor substrate 102 may be approprniately doped either
with p-type dopant atoms or with n-type dopant atoms. In the
specific example depicted, the partially completed transistor
devices depicted between the STI structures 104 are NFET
devices 106, and thus the semiconductor 102 1s doped with
p-type atoms. The dopant concentration of the semiconductor
substrate 102 may range from about 1.0x10"> atoms/cm” to
about 1.0x10"” atoms/cm”, and more specifically from about
1.0x10'® atoms/cm” to about 3.0x10"® atoms/cm”, although
lesser and greater dopant concentrations are contemplated
herein also. In addition, the semiconductor substrate 102 may
be a bulk substrate, a semiconductor-on-insulator or silicon-
on-1nsulator (SOI) substrate, or a hybrid substrate. The shal-
low trench 1solation structures 104 include a dielectric mate-
rial such as silicon oxide or silicon nitride, and are formed by
methods well known 1n the art.

As also 1llustrated 1n FIG. 1, the semiconductor structure
100 1s an example of replacement gate FET technology. Thus,
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the device includes source and drain extension regions 108
formed by 1on implantation with a dummy gate structure 1n
place. The dummy gate structure may include sacrificial poly-
silicon material 110 formed on a gate dielectric layer 112. The
gate dielectric layer 112 may, 1n some embodiments, also be
sacrificial and thus form a part of the dummy gate structure.
Alternatively, the gate dielectric layer 112 may be a perma-
nent gate dielectric layer and include a high-k material such as
hatnium oxide (HfO,) with an S10, interfacial layer, for
example.

The source and drain extension regions 108 have a doping
ol the opposite conductivity type of the doping of the sub-
strate 102. Thus, in the NFET example shown, since the
substrate 102 has a p-type doping, the source and drain exten-
sion regions 108 have an n-type doping. Source and drain
regions 114 are also depicted 1n FI1G. 1, which are formed, for
example, by 1on 1mplantation of the same conductivity type as
the extension regions 106. The source and drain regions 114
are 1mplanted with both the dummy gate structure and side-
wall spacers 116 1n place. The sidewall spacers 116 are
formed, for example, by deposition of a conformal dielectric
material layer (e.g., and oxygen-impermeable material such
as silicon nitride) followed by an anisotropic 1ion etching. The
portions of the dielectric material layer that are formed
directly on the sidewalls of the dummy gate structure remain
aiter the anisotropic etch to constitute the sidewall spacers
116. A protective hardmask 118 1s also shown atop the sac-
rificial polysilicon 110, which may be either the same or a
different material than the sidewall spacers 116.

As further shown 1n FI1G. 1, a tensile nitride layer 120, such
as S1N for example, 1s formed over the entire structure 100.
The tensile nitride layer 120 may be formed, for example, by
physical vapor deposition (PVD), chemical vapor deposition
(CVD), plasma enhanced CVD (PECVD), high density
plasma CVD (HDPCVD) and spin-on techniques. As initially
deposited, the nitride layer 120 may provide a tensile stress on
the order of about 0.7 gigapascals (GPa). Then, as shown in
FIG. 2, the nitride layer 120 1s cured with UV radiation as
indicated by the curved arrows so as to enhance the stress
characteristics thereof, with the enhanced stress nitride layer
being designated by 120'. The enhanced stress nitride layer
120", by virtue of the UV curing, may provide an increased
tensile stress on the order of about 1.6 GPa.

As then shown 1n FIG. 3, the enhanced stress nitride layer
120" 1s planarized such as by CMP, followed by removal of at
least the sacrificial polysilicon 110 of the dummy gate struc-
tures, so as to form trenches 122. It will be noted that the
nitride layer 1s now once again designated by reference
numeral 120 in FIG. 3, which reflects the resulting decrease in
stress due to planarnization of the stress layer following the
curing (e.g., reduced to about 1.1 Gpa or below). In accor-
dance with RMG processing, one or more metal gate layers
(depicted generally by 124) are formed over the device, as
shown 1n FIG. 4. For example, for an NFET device, the metal
gate layers 124 may include workfunction setting metal lay-
ers selected to set the workiunction around the silicon con-
duction band edge, such as for example, titanium nitride,
tantalum nitride, titantum aluminum, titanium aluminum
nitride, tantalum aluminum, tantalum aluminum nitride,
hathium silicon alloy, hathium nitride, or tantalum carbide.
Again, where the gate dielectric layer 112 1s a sacrificial layer,
a new gate dielectric layer (e.g., high-k) would be formed
prior to deposition of the metal gate layers 124, followed by a
600° C. anneal for high-k dielectric densification.

Then, as shown 1n FIG. 5, the metal gate layers 124 are
planarized, following which CMOS device processing may
continue as shown in the art. As should be appreciated, how-
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6

ever, the benefits of UV curing of the nitride layer 120 may be
clfectively neutralized as a result of the above described
RMG process tlow.

Accordingly, disclosed herein are methods and structures
for preserving stress benefits of ultraviolet (UV) curing 1n
replacement gate transistor fabrication. By separating the
nitride deposition and UV curing process such that curing 1s
performed after nitride layer deposition and dummy gate
removal, the stress benefit of the UV curing may be fully
preserved. In one specific embodiment described below, the
nitride morphology change associated with film shrinkage
resulting from a UV process provides an additional benefit
with respect to umiform gate metal deposition. As the gate
length further scales, the gap fill becomes increasingly chal-
lenging, and this embodiment provides a solution to alleviate
the 1ssue.

Referring generally now to FIGS. 6 through 10 there 1s
shown a sequence of cross sectional views 1llustrating a pro-
cess flow for replacement metal gate transistor formation with
UV curing of a stress layer in accordance with an exemplary
embodiment. FIG. 6 1llustrates a point 1n processing substan-
tially similar to that of FI1G. 1, 1n which a tensile mitride layer
120, such as SiN for example, 1s formed over the entire
structure 100 of partially formed NFET devices 106 with
dummy gate structures. However, instead of performing the
UV curing of the nitride layer 120 at this point in the process,
the nitride layer 120 1s 1nstead planarized, such as by CMP,
followed by removal of at least the sacrificial polysilicon 110
of the dummy gate structure, as shown i FIG. 7.

Then, as shown 1n FIG. 8, one or more metal gate layers
(depicted generally by 124) are formed over the device 100,
including the trenches 122 left by the sacrificial polysilicon
removal. Again, at this point, the nitride layer 120 has not yet
been subjected to UV curing. In FIG. 9, the metal gate layers
124 are planarized, thereby defining RMG formed NFET
devices 106. With the metal gate structures in place, the
nitride layer 120 1s then subjected to UV curing as shown in
FIG. 10. The UV curing results in enhancement of the applied
stress of the nitride layer, now depicted as 120" in FIG. 10.
Again, as a result of the UV curing, the applied umiaxial
tensile stress by the enhanced mitride layer 120" increases
from about 0.7 GPa to about 1.6 GPa. Moreover, since the
enhanced nitride layer 120" has already been planarized, the
device 100 1s prepared for further CMOS processing steps
that do not atlect the integrity or effectiveness of the applied
stress of the enhanced mitride layer 120",

Referring generally now to FIGS. 11 through 15 there 1s
shown a sequence of cross sectional views 1llustrating a pro-
cess flow for replacement metal gate transistor formation with
UV curing of a stress layer in accordance with an exemplary
embodiment. FIG. 11 illustrates a point 1n processing sub-
stantially similar to that of FIG. 1, 1n which a tensile mitride
layer 120, such as SiN for example, 1s formed over the entire
structure 100 of partially formed NFET devices 106 with
dummy gate structures. As 1s the case with the previously
described embodiment, instead of performing the UV curing
of the nmitride layer 120 at this point 1n the process, the nitride
layer 120 1s 1nstead planarized, such as by CMP, followed by
removal of at least the sacrificial polysilicon 110 of the
dummy gate structure, as shown 1n FIG. 12.

However, 1n contrast to the embodiment of FIGS. 6 through
10, 1n this embodiment, the nitride layer 120 1s subject to UV
curing prior to metal fill of the trenches 122, as reflected 1n
FIG. 13. Here, 1t will be noted that 1n addition to increasing
the applied stress of the enhanced nitride layer 120', the UV
curing also causes a volume shrinkage (e.g., about 10%) of
enhanced nitride layer 120', as the film gets denser. In par-
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ticular, the UV cure performed after the sacrificial polysilicon
removal and before replacement gate metal deposition results
in a trapezoidal profile for both the enhanced mitride layer
120" as well as the resulting modified trench 122' profile.
Whereas the trapezoidal profile of the enhanced nitride layer
120" 1s wider at the base and narrower at the top, the trapezoi-
dal profile of the modified trenches 122' 1s narrower at the
bottom end and wider at the top end.

Such a profile 1s advantageous for a subsequent metal gate
{11l process, as shown in FIG. 14. Here, the one or more metal
gate layers 124 are formed over the device 100, including the
modified trenches 122' defined by both the sacrificial poly-
silicon removal and the UV curing. In contrast to a substan-
tially vertical trench profile or a trench profile that 1s narrower
at the top, the trapezoidal trench profile 1n which the volume
shrinkage of a nitride layer cause a widened top of trench
promotes better metal fill coverage within the modified
trenches 122' by avoiding layer pinch-oif and void formation
within the metal gate structure. Finally, as shown 1n FIG. 15,
the metal gate layers 124 are planarized, thereby defiming
RMG formed NFET devices 106.

As will thus be appreciated, by not performing UV curing
simultaneously or immediately following deposition of the
nitride liner, and instead performing at least nitride layer
CMP and dummy gate removal first the enhanced stress ben-
efits offered by the UV curing may be maintained throughout
the remainder of device processing. Additionally, by per-
forming the UV curing post-planarization/dummy gate
removal and before metal gate fill, the resulting volume
shrinkage and trapezoidal profile of the nitride layer and
trenches leads to better metal fill conditions.

While the mnvention has been described with reference to a
preferred embodiment or embodiments, it will be understood
by those skilled 1n the art that various changes may be made
and equivalents may be substituted for elements thereol with-
out departing from the scope of the mvention. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, 1t 1s
intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this invention, but that the invention will include
all embodiments falling within the scope of the appended
claims.

What 1s claimed 1s:

1. A method of forming a semiconductor structure, the
method comprising:

forming a stress inducing layer over one or more partially

completed field effect transistor (FET) devices disposed
over a substrate, the one or more partially completed
FET devices including sacrificial dummy gate struc-
tures;

planarizing the stress inducing layer and removing the

sacrificial dummy gate structures; and

following the planarizing the stress inducing layer and

removing the sacrificial dummy gate structures, per-

forming an ultraviolet (UV) cure of the stress inducing

layer so as to enhance a value of an 1nitial applied stress

by the stress inducing layer on channel regions ol the one
or more partially completed FET devices.

2. The method of claim 1, wherein the stress inducing layer

comprises a tensile nitride layer, and the one or more partially
completed FET devices comprise n-type FET (NFET)
devices.

3. The method of claim 2, further comprising {filling
trenches defined by the removing of the sacrificial dummy
gate structures with one or more metal gate layers.
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4. The method of claim 3, further comprising planarizing,
the one or more metal gate layers.

5. The method of claim 3, wherein the UV cure 15 per-
formed following the filling the trenches and planarizing the
one or more metal gate layers.

6. The method of claim 3, wheremn the UV cure is per-
tormed prior to filling the trenches with the one or more metal
gate layers so as to cause the stress inducing layer and the
trenches to assume a trapezoidal profile.

7. The method of claim 6, wherein the trapezoidal profile of
the trenches 1s such that the trenches are narrower at a bottom
end thereol and wider at a top end thereot.

8. The method of claim 3, further comprising;

forming a replacement, high dielectric constant (high-k)

layer 1n the trenches prior to the filling with the one or
more metal gate layers.

9. A method of forming a semiconductor structure, the
method comprising:

forming a tensile nitride layer over one or more partially

completed n-type field effect transistor (NFET) devices
disposed over a substrate, the one or more partially com-
pleted NFET devices including polysilicon sacrificial
dummy gate structures;

planarizing the tensile nitride layer and removing the poly-

silicon sacrificial dummy gate structures;

filling trenches defined by the removing of the polysilicon

sacrificial dummy gate structures with one or more
metal gate layers;

planarizing the one or more metal gate layers; and

following the planarizing of the tensile nitride layer, the

removing ol the polysilicon sacrificial dummy gate
structures, and the planarizing of the one or more metal
gate layers, performing an ultraviolet (UV) cure of the
tensile nitride layer so as to enhance a value of an 1nitial
applied stress by the tensile nitride layer on channel
regions of the one or more partially completed NFET
devices.

10. The method of claim 9, wherein the tensile nitride layer
comprises a silicon nitride layer.

11. The method of claim 10, wherein the 1mitial applied
stress by the tensile nitride layer 1s on the order of about 0.7
gigapascals (GPa), and the enhanced value of the tensile
stress 1s on the order of about 1.6 GPa.

12. The method of claim 9, wherein the one or more metal
gate layers comprise one or more of: titantum nitride, tanta-
lum nitride, titanium aluminum, titanium aluminum nitride,
tantalum aluminum, tantalum aluminum nitride, hathium
silicon alloy, hatnium nitride, and tantalum carbide.

13. The method of claim 9, turther comprising:

forming a replacement, high dielectric constant (high-k)

layer and 1n the trenches prior to the filling with the one

or more metal gate layers, the high-k layer comprising

hatnium oxide (H1O,) with an S10, interfacial layer; and
annealing the high-k layer for densification thereof.

14. A method of forming a semiconductor structure, the
method comprising:

forming a tensile nitride layer over one or more partially

completed n-type field effect transistor (NFET) devices
disposed over a substrate, the one or more partially com-
pleted NFET devices including polysilicon sacrificial
dummy gate structures;

planarizing the tensile nitride layer and removing the poly-

silicon sacrificial dummy gate structures;

tollowing the planarizing of the tensile nitride layer and

removing ol the polysilicon sacrificial dummy gate
structures, performing an ultraviolet (UV) cure of the
tensile nitride layer so as to enhance a value of an 1nitial
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applied stress by the tensile nitride layer on channel
regions of the one or more partially completed NFET
devices:

following the UV cure, filling trenches defined by the
removing ol the polysilicon sacrificial dummy gate
structures with one or more metal gate layers; and

planarizing the one or more metal gate layers.

15. The method of claim 14, wherein the tensile nitride

layer comprises a silicon nitride layer.
16. The method of claim 14, wherein the one or more metal

gate layers comprise one or more of: titanium nitride, tanta-
lum nitride, titanium aluminum, titanium aluminum nitride,
tantalum aluminum, tantalum aluminum nitride, hatnium
silicon alloy, hatnium nitride, and tantalum carbide.
17. The method of claim 14, turther comprising:
forming a replacement, high dielectric constant (high-k)
layer and 1n the trenches prior to the filling with the one
or more metal gate layers, the high-k layer comprising
hatnium oxide (H1O,) with an S10, interfacial layer; and
annealing the high-k layer for densification thereof.
18. A method of forming a semiconductor structure, the
method comprising:
forming a tensile nitride layer over one or more partially
completed n-type field effect transistor (NFET) devices
disposed over a substrate, the one or more partially com-
pleted NFET devices including polysilicon sacrificial
dummy gate structures;
planarizing the tensile nitride layer and removing the poly-
silicon sacrificial dummy gate structures;
performing an ultraviolet UV cure of the tensile mitride
layer so as to enhance a value of an 1initial applied stress
by the tensile nitride layer on channel regions of the one
or more partially completed NFET devices;
following the UV cure, filling trenches defined by the
removing of the polysilicon sacrificial dummy gate
structures with one or more metal gate layers; and
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planarizing the one or more metal gate layers;

wherein the UV cure causes the tensile nitride layer and the

trenches to assume a trapezoidal profile.

19. The method of claim 18, wherein the trapezoidal profile
of the trenches 1s such that the trenches are narrower at a
bottom end thereof and wider at a top end thereof.

20. The method of claim 18, wherein the mitial applied
stress by the tensile nitride layer 1s on the order of about 0.7
gigapascals (GPa), and the enhanced value of the tensile
stress 1s on the order of about 1.6 GPa.

21. A semiconductor structure, comprising:

a plurality of n-type field effect transistor (NFET) devices

disposed over a substrate;

an ultraviolet (UV) cured tensile nitride layer formed over

the substrate and between gate structures of the NFET
devices, with portions of the UV cured tensile nitride
layer having a trapezoidal profile with a bottom end
thereof wider than a top end thereof; and

the gate structures of the NFET devices also having a

trapezoidal profile with a top end thereof wider than a
bottom end thereof.

22. The structure of claim 21, wherein the tensile nitride
layer comprises a silicon nitride layer.

23. The structure of claim 21, wherein tensile nitride layer
provides a tensile stress on the order of about 1.6 gigapascals
(GPa).

24. The structure of claim 21, wherein the gate structures
comprise metal gate structures.

25. The method of claim 24, wherein the metal gate struc-
tures comprise one or more of: titamum nitride, tantalum
nitride, titanium aluminum, titanium aluminum nitride, tan-

talum aluminum, tantalum aluminum nitride, hatnium silicon
alloy, hainium nitride, and tantalum carbide.
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